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The Synchytria of the United States, 


BY W. G. FARLOW. 


The genus Synchytrium includes a number of species which 
are parasitic in the epidermal cells of land plants, and produce 
deformities not unlike the galls caused by the attacks of some 
insects. Ina previous paper' I gave an account of the species 
known in this country, and since then I have received additional 
material from different parts of the United States. As it is nec- 
essary, in order to obtain a satisfactory knowledge of the species, 
to study their development as well as their morphological 
characters, I have, in the present paper, given an account of the 
species which are known to me in the United States, hoping that, 
to the information which I have obtained principally from dried 
specimens, others who live in the regions where the species 
abound may, hereafter, add observations on the development of 
the imperfectly known forms. 

Our first exact knowledge of the genus Synchytrium dates 
from the classic paper of de Bary and Woronin on the Develop- 
ment of the Chytridiacew*, and since then Woronin’ and Schroeter‘ 
have published important papers on the subject. 

Before describing our species in detail, I shall give a short 
account of the development and structure of Synchytria, but it is 
impossible, in this connection, to refer to the systematic position 
of the genus further than to say that it belongs to the Chytri- 
diaceew, an order including a number of genera, most of which 
are colorless parasites in aquatic plants, and differ from Synchy- 
trium in generally having a rudimentary mycelium or rhizoidal 


‘Bulletin of the Bussey Institution, ii. p. 229. 
*Bericht Naturforsch. Gesell. Freiburg, 1863. 
3Bot. Zeitung, xxvi. 

‘Beitr. zur Biologie, ii, part 1. 
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apparatus connected with the reproductive cells, while in Synchy- 
trium there is no trace of mycelium. For an account of the re- 
lations of this group of parasites to other fungi the reader should 
consult de Bary’s' recent work. 

The parasite while in its zoosporic stage makes its way into 
an epidermal cell, which then increases rapidly in size. In the 
simplest cases, as S. papillatum and S. Myosotidis, the cells grow 
out beyond the surface of the leaves in the form of more or less 
spherical sacks, which look to the naked eye like small glands. 
In other cases the epidermal cells do not rise above the surface, 
but protrude inwards into the leaf. More frequently, however, 
the epidermal cells swell and push outwards, and at the same 
time the neighboring cells increase in number, so that a protuber- 
auce ur gall is formed on the leaves. The shape and general ap- 
pearance of the galls vary with the different species, and are, as 
a rule, characteristic. When the galls are abundant the leaves 
or stems on which they are borne are frequently curled or knot- 
ted. There is usually a discoloration, which is not unfrequently 
striking. This is sometimes due to "the presence of a colored 
fluid in the cells which are attacked by the parasite, and which 
may be called host-cells; but, more frequently, it is in the ad- 
joining cells. 

Once inside its host-cell the parasite increases in size and de- 
velops into a spherical or elliptical cell, which as it matures 
becomes either a resting spore or a sorus In the simplest cases, 
as S. Anemones, the cell wall thickens, and is composed of two 
coats, an epispore and an endospore, the former being dark, 
thick and brittle, and the latter thin and lighter colored. Gen- 
erally only one resting spore is found in a single host cell, but it 
sometimes happens that the cells are attacked by more than one 
parasite, and then we may have several resting spores in a cell. 
In extreme cases, as S. pluriannulatum, there are as many as 25. 
or even more, resting spores inacel]l. The resting spores are pro- 
duced principally towards the end of the season, and are set free 
by the rotting away of the leaves in which they are contained. 
In species like S. papillatum, where the host cells form bladders 
on the surface of the leaves, the cells are brittle and readily break 
off, and in this way the resting spores escape. 

The spores germinate in one of two ways. In the first the 
epispore cracks open and the endospore and its contents exude 
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and form a sphere, which is attached at one point to the remains 
of the epispore. The costents of the sphere then divide so as to 
form a number of closely packed cells, the zoosporangia. The 
whole mass of zoosporangia constitutes a sorus. The zoosporangia 
soon separate from one another, and, when free, they are at first 
irregularly polyedral, but become afterwards more or less spher- 
ical. The contents of each zoosporangium then separate into a 
large number of zoospores, which escape by a rupture of the 
wall of the zoosporangium ‘The individual zoospores have, in 
general, a circular form with a bright orange spot in the interior 
and a single cilium, or, in exceptional eases, two cilia. The zoo- 
spores, after swimming about for an indefinite period, attach 
themselves to the epidermal cells of some host plant and again 
develop into resting spores. In the second mode of germination 
the endospore and its contents do not protrude in the form of a 
bladder, but are transformed into zoosporangia while within the 
epispore. 

A considerable number of the species of Synchytrium develop 
in the manner described above ; that is, briefly, from the zoo- 
spores arising from the germination of the resting spores in spring, 
new resting spores are produced in the host cells. The species 
which develop in this way are placed by de Bary in the sub- 
genus Pycnochytrium. In the subgenus Eusynchytrium the de- 
velopment is more complicated. The resting spores germinate as 
before, but after the zoospores have made their way into a host- 
cell they do not at once form new resting spores, but develop 
into what have been called summer sori, and in the specific de- 
scriptions which follow this is what is referred to under the term 
sorus, and not the sori formed directly in the germination of the 
resting spores. In Husynchytrium the zoospores make their way 
into the epidermal cells and grow into large cells which gener- 
ally almost completely fill the host-cells. These large cells are 
sori, and the contents form at once zoosporangia, whose appear- 
ance and subsequent development are the same as in Pyenochy- 
trium. This formation of summer sori may be repeated several 
times during the season, but ultimately the zoospores produce 
resting spores at the end of the season. Ina few of the species of 
Eusynchytrium, the summer sorus does not fill the host cell, but, 
when mature, the wall of the sorus ruptures within the host-cell 
and the mass of zoosporangia is set free in the host-cell, the wall 
of the sorus remaining behind as a shrivelled membrane. 

Those who wish to study the formation of the sori and zoo- 
spores will find excellent material in the species which forms bright 
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yellow spots looking like a uredo on Amphicarpwa monoica. The 
leaves may be gathered and placed in a moist place, or dipped 
into water on glass slides or in watch-glasses. In a few hours 
the water will be colored orange from the abundance of escaped 
zoosporangia and zoospores. All the stages of development may 
easily be seen, and healthy leaves may be infected by leaving 
them a short time in the water and then removing them and keep 
ing them in a moist place fora few days. One who wishes to ex- 
periment on the motions of chlorophy]-free zoospores can obtain 
an abundance of zoospores by placing a few infected leaves ot 
Amphicarpea in glasses of water. 

From an economical point of view the Synchytria are not ot 
great importance. None of our species attack important agricul- 
tural or ornamental plants. These parasites du not spread with 
great rapidity, and as they do not grow through the hosts whieh 
they inhabit but only attack them in superticial spots, they are 
not very destructive. Unlike many other fungi which attack 
living plants, the Synchytria are supposed not to be limited to one 
species of host, or to species nearly related botanically, but the 
same Synchytrium may inhabit plants belonging to ditterent or- 
ders. The species of Synchytrium are distinguished by the pres 
ence or absence of summer sori, the nature of the galls or de- 
formities produced, and the shape and size of the resting spores, 
and it may be asked how far these points might be modified by 
the host plant in case of species which are said to inhabit severa! 
different hosts. A study of the development and cultures are 
necessary in order to settle the limits of the species accurately. 

The following account includes all the species known to me 
in the United States. The synonyms are given with references 
to American works where the species are mentioned, an also the 
original European references. Of the species not yet known in 
this country we might expect to find S. Taraxaci, D.By. and 
Wor., S. Stellariv, Fuckel, and 8. globosum, Schrt. on Viola. 


SYNCHYTRIUM D.By. & Wor. 


Unicellutar fungi inhabiting the epidermal cells of living plants, entirely destitute of 


mucelium. Reproduction by resting spores and sort containing soosporangia fir m 


which are produced ZOOS POres having one, 01 rarely two, cilia, Conjugation wanting. 


A. EusyNcHyTriuM. Resting spores and summer sori both 
present’. 


‘In S. decipiens, here placed on account of its apparently close relation to 
S. Tarazaci and S. fulgens, no resting spores have yet been found. 
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1, S. paPILLaTuM Farlow. 
Bull. Bussey Inst. ii, p. 233. 
Catalogue Pacific Fungi, p. 25. 
Ellis N. Am. Fungi no. 202. 

Spots dark purple, galls glandular, formed of papillate, pyri- 
formly swollen epidermal cells, resting spores elliptical, 06-07 
mm. by .04-.05mm., epispore brown, somewhat roughened. 
Sori superficial, spherical, .10-.12mm. in diameter 

On leaves of Erodinm cieutarium, L’ Her. 

California. 

The distortions produced by this species are confined to the epidermal 
cells, which swell into large pyriform sacks, whose surface is raised in large, 
conical, scattered papille. To the naked eye the swollen cells look like purple 
glands, which are often so abundant as to nearly cover the surface of the leaves, 
and remind one of the so-called species of Evineum. Each cell contains from 
one to three resting spores which are small in comparison with the host-cell, 
while the contrary is true in S. Myosotidis,in which the galls are somewhat 
similar to those of the present species. The sori in the specimens examined 
were much less abundant than the resting spores, and were formed in epidermal 
cells which became more or less spherical and projected above the surface of 
the leaf. The species is known only in California, although Erodium cicutarium 
is a common European weed, and occurs somewhat rarely as an introduced 
plant in our Atlantic States. If the Synchytrium is really, as it seems to be, an 
endemic species in California, one would expect to find it on some other host 
than the Erodivm, which is an introduced plant. The species is easily recog- 
nized, and may very tikely be found hereafter on other hosts. 


2. S. Hotwayt Farlow. 


Spots purple, galls hemispherical or subglobose, resting spores 
spherical, .07-.09mm. in diameter. epispore smooth, dark brown. 
Sori spherical, .09-.10mm. in diameter, maturing in the host cell. 


On leaves of Vonarda. 

Decorah, Iowa. 

This is another of the interesting forms found by Mr. Holway, who states 
that the parasite is common near Decorah. The affected leaves assume a dingy 
purple color, and the galls are abundant, especially on the bases of the leaves 
and petioles. Sections show that the galls are formed of large host-cells sur- 
rounded by the leaf-cells, the whole forming a hemispherical, or frequently al- 
most a spherical, protuberance on the surface of the leaves. Some of the host- 
cells contain resting spores which are generally solitary. Other host-cells con- 
tain the sori, which are yellow colored spheres resting on the bottom of the 
host-cells. The wall of the sorus ruptures before it has escaped from the host- 
cell and the zoosporangia remain in a mass at the base of the host-cell, while 
the shrivelled wall of the sorus remains at the apex of the cell, as in S. Stellarie 
Fuckel figured by Schroeter. 


| 


240 BOTANICAL GAZETTE. 


As far as the galls and resting spores are concerned the present species might 
be considered a form of S. aureum, which is said by Schroeter to occur on 
Prunella vulgaris in Europe; but in S. awreum sori have never been found, so far 
as I know, while in our form they are common, and, as has already been said, 
like those of S. Stellariv, a species abundantly different from ours in the resting 
spores and deformities produced. S. Holwayi may then be considered distinct, 
at least until it shall hereafter be discovered that S. aureum has similar sori. 


3. S. FULGENS Schroeter. 


Hedwigia, xii, p. 141 and Fung. Eur. no. 1656. 
Catalogue Pacifie Fungi, p. 25. 


Spots minute, purple, resting spores spherical, .066-.082mm. 
in diameter, epispore dark brown, smooth. Sori spherical or 
elliptical, .06-.10mm. in diameter, bright yellow. 

On nothera biennis, L. 

California. Europe. 

This species is reported by Harkness and Moore in California in their Cat- 
alogue l.c. It is to be expected in the Eastern States, but I have never been 
able to detect it near Cambridge. It is also said to occur in Illinois. The de- 
scription given above is taken from Schroeter. 


4. S. INNOMINATUM. 


Spots dark red, resting spores globose or slightly elliptical, 
.O7-.10mm.in diameter, epispore thin and smooth, in oval host- 
cells which do not project beyond the surface of the leaves 
Sori yellow, about .12-.15mm. in diameter, sunk in the leaves. 

On leaves of Malacothrir. 

Santa Cruz, Cal. 

The present form was found by Dr. C. L. Anderson on leaves of Malacothrir. 
When the parasite is not very abundant the leaves are turned dark red, but not 
distorted. When it is abundant, however, the leaves are reduced in size and 
become irregularly knotted and twisted. The affected cells swell to a consid- 
erable size, but are always sunk in the leaves and do not rise above the sur- 
face, so as to form galls properly speaking. ‘The resting spores are found one 
or two in a cell. The sori, unlike those of S. Holwayi, completely fill the host- 
cell when mature. The species is certainly closely related to S, Tarazaci, D. By. 
& Wor., and it may be the S. sanguineum Schroeter, said in Bericht. Schlesisch. 
Gesell. 1875, to be nearly related to S. Turaxaci, but of which I have seen no 
description. I have thought best to avoid giving a name to our form until it 
shall be proved, on further examination, to be clearly distinct from the two 
species just mentioned. 


5. DECIPIENS. 


Uredo Lequminosarum and U, Fabx in Herb. Curtis. 

Uredo xcidioides Peck in 24th Report New York State Museum, p. 88. 

Uredo Peckii Thuemen, Mycologia Universalis no. 588; Peck 29th Rept. p. 75. 

Synchytrium fulgens var. decipiens Farlow, Bull. Bussey Inst. ii, p. 229; Ellis N. 
Am. Fungi no, 201; Trans. Wisconsin Acad. i, p. 4. 
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Spots bright yellow, galls hemispherical, sori spherical, .18—.20 
mm. in diameter, zoosporangia about .015mm. in diameter, 
generally very numerous. Resting spores unknown. 


On leaves and stems of Amphicarpwa monoica, Nutt. 

Massachusetts to Minnesota and southward to Maryland. 

The most common and striking species in the Northern States, but the 
southern limit is not sufficiently known. In Bull. Bussey Inst. 1. c. 1 gave a 
detailed account of the development of the sori and their germination, but 
common as the species is I have never found resting spores. The species 
abounds near Cambridge from the middle of May until the middle of October. 
The young plants, as soon as they can be recognized in the spring, are often 
covered with the bright yellow sori, which are frequently mistaken for a uredo. 
After the sporangia have been discharged the spots resemble wcidia. I can 
find no difference later in the season, and when vegetation is killed by the frost 
in October the sori are as abundant as ever, but no trace of resting spores has 
been found. Surely, if our plant bears resting spores which resemble those of 
S. fulgens, there ought to be no difficulty in detecting them. As it is, it seems to 
me best to consider our form as distinct from S. fulgens, of which I formerly 
considered it a variety, relying on the resemblance of the sori which, in both 
cases, are bright yellow, and project rather prominently at first, but afterwards 
assume an eecidium-like form. 


B. Pycnocuytrium. Resting spores present, but summer 
sori wanting. 


6. S. ANEMONES Wor. 
Bot Zeit. xxvi, Pl. 3, f. 3 
Bull. Bussey Inst. ii, 224 q 
Trans. Wisconsin Acad. vi, 4. 
Ellis N. Am. Fung. no. 203. 

Spots minute, dark violet, galls hemispherical, resting spores 
solitary, or sometimes two in a cell, spherical or slightly elliptical, 
about .08-.12mm. in length, epispore dark brown, somewhat 
rough. 


On leaves and petioles of Anemone nemorosa, L. 

Massachusetts to Wisconsin. Europe. 

Probably common wherever the Anemone is found. Usually in company 
with other fungi, but easily recognized by the minute dark-violet spots which 
are generally scattered, but sometimes densely crowded, especially on the lower 
parts of the leaves and petioles. 


7. aNomALUM Schroeter. 
Beit. zur Biologie i, part 1, 40, Pl. 1, f. 5-7. 
Spots minute, pale yellow becoming darker, galls flattened 
hemispherical, resting spores elliptical, about .12-.20mm. by 
.09-.12mm., epispore dark brown, smooth. 
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On leaves and petioles of Adora Moschatellina, L. 

Decorah, Iowa. Europe. 

The only American specimens which I have received were collected by Mr. 
Kk. W. Holway. The fungus is, I think, without doubt the same as that de- 
scribed by Schroeter. Mr. Holway’s specimens, however, showed great uni- 
formity in the size and shape of the spores, which were distinctly elliptical, 
whereas Schroeter describes them as very variable. The galls differ from those 
of the last named species in that the host-cell enlarges so as to occupy a great 
part of the thickness of the leaf, but does not project much above the surface 
and is there only loosely covered by the neighboring cells. Occasionally the 
parasite develops in a subepidermal cell, in which case there is but little swell- 
ing of the leaf. 


8. §S. aureuM Schroeter. 
Beit. zur Biol. i, part 1, p. 40, Pl. 3, f. 8-12. 
Spots golden yellow often bordered with red, galls hemi- 
spherical, resting spores spherical, about .10-.20mm., epispore 
brown, smooth. 


On leaves and stalks of Lysimachia quadrifolia, L. 

Granville, Mass. Europe. 

In Europe this species grows upon L. nummularia, but I have searched in 
vain for it upon that host near Cambridge. The specimens from Granville 
were collected by Mr. A. B. Seymour. The galls are thickly scattered over the 
leaves, but are of small size. The host-cell is usually spherical and the sur- 
rounding cells form rather a thick layer, except at the top of the gall, where 
there is a depression, at the base of which the host-cell is exposed. The rest- 
ing spores are large for the genus, as shown by our own as well as European 
specimens. 


9. Myosorrpis, Kuehn. var. PorENrILL®, Schroeter. 


Beit. zur Biol. i, part 1, p. 48. 
Bull. Bussey Inst. ii, p. 224, 229. 


Spots glandular, deep red, often densely aggregated, galls 
formed of swollen, externally projecting epidermal cells. resting 
spores globose, .07-.12mm. in diameter, epispore dark brown. 

On leaves and petioles of Potentilla Canadensis, 1.. 

Jamaica Plain, Mass. Europe. 

An easily recognized but not very common species, which closely resembles 
the epidermal deformities placed in the old genus Hrinewn. The typical form 
is found on Borraginacee in Europe, but our form is precisely that which grows 
on P. argentea, in Europe. To the naked eye the leaves attacked seem to be 
spotted with shining deep red glands, which are sometimes so abundant as near- 
ly to cover the surface. When young the glands seem to have a white spot 
in the center, and when old they collapse and become cup-shaped. The glands 
are nothing but the epidermal cells attacked by the parasite, which causes 
them to swell into oval or obovate sacks, whose contents become deep red. This 
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species has, I believe, never been known to produce sori. Our nearest related 
species is'S, papillatum, in which the deformity is also confined to the epidermal 
cells, which swell to a greater size than in the present species and are constant- 
ly papillate. S. papillatum, however, produces sori of zoisporangia, and be- 
longs to the subgenus Fusynchytrinm. 

What seems to me to be the typical form of the species has recently been 
found on Peetocarya linearis, DC., in Sonora, Mexico, by Mr. C. G. Pringle. The 
swollen epidermal cells are very numerous, and completely cover the petioles 
and young stems. When the parasite is immature the cells are yellow, but as 
the resting spores mature the cells assume the usual deep red color. 


10, S. PLURIANNULATUM. 
Uredo pluriannulata in Herb. Curtis. 
Uromyces pluriannulatus B. & C., Grevillea iii, p. 57. 

Spots yellowish brown, galls generally pulvinate or discoidal, 
composed of several host-cells united into one mass, resting spores 
numerous (10-50) in a cell, globose or slightly elliptical, .04-.06 
mm. in diameter, epispore brown, thick, slightly roughened. 


On Sanicula Marylandica and S. Menziesii, Hook & Arn. 

Alabama to Illinois. California. 

A very striking species, the development of which should be studied by 
western botanists. The parasite is abundant on the leaves, petioles and stems. 
On the leaves it appears in the form of more or less circular, disk-like spots. 
On the stems the spots are elliptical or lenticular. The disks vary very much 
in size. The smallest are scarcely raised above the surface of the leaves, and 
are yellow in color and the surface appears granulated. The larger disks, 
which are sometimes .40mm. in diameter, have a silvery brown color, and the 
surface is also granulated. The granulated appearance is owing to the fact 
that the parasite attacks simultaneously a number of cells lying near one 
another, which then swell into spherical or elliptical sacks. In the meanwhile 
the surrounding cells of the leaf which have not been attacked by the parasite 
multiply rapidly, and the result is a solid disk-like mass in which lie the host- 
cells, which, seen from above, look like granules. This compound nature of 
the gall, if we may so term it, is seldom seen in any of our species, bu is com- 
mon in one or two European forms. It is only the very smallest spots that 
consist of a single host-cell, which is then usually spherical and covered by a 
thin layer of leaf cells, and I have seen cases where it protruded on both sides 
of the leaf. The most curious form of the galls is one sometimes found on 
the petioles and young stems. Here the superficial tissues, as far as one can 
tell from dried specimens only, grow out at right angles to the stem, so as to 
form a sort of pedicel, sometimes an eighth of an inch long, and bear at the tip 
a dark brown head, which contains the host-cells and resting spores. On the 
larger stems the parasite looks to the naked eye like the sori of a Puccinia, owing 
to the lenticular shape of the spots, which are often surrounded by a fold of the 
epidermis. 
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The resting spores are more numerous in a cell than in any other species. 
I have frequently counted as many as 25, and in some cases the number is un- 
doubtedly greater. The spores are pretty uniform in size, and are spherical or 
flattened on one side. The epispore is brown, about .004mm. thick, and very 
brittle, so that it is easily split and separated from the endospore, which has a 
thin wall, about .0015mm. thick, and vellow oily contents. When the spores 
are young the epispores closely envelop the endospores, but when mature it is 
generally the case that the endospore and its contents lie loose in the epispore, 
thus reminding one of the oospores of Peronosporee. I have never found sori 
in this species. 

This parasite was first found by Mr. T. M. Peters on Sanicula in Alabama, 
in 1853, and sent to Curtis, who called it Uredo pluriannulata. It was first de- 
scribed in Grevillea, iii, p. 57, December, 1874, as Uromyces pluriannulatus B. & 
©. The original specimen of Peters which I have examined has exactly the 
structure of specimens received from Illinois, collected by Mr. C. A. Hart. I 
have also, through the kindness of Dr. W. H. Harkness, examined specimens 
marked Puceinia Sanicul, collected at San Rafael, California, which I can not 
distinguish from the present species. In all cases the structure is different 
from that of the Uredinew, and seems to me to be that of Synchytrium. The pe- 
culiarity of the ripe resting spores, however, shows that the development must 
be studied before the exact position of the fungus can be decided. In this con- 
nection it should be said that there is a Synchytrium on Umbellifere, S. Boncerense 
Spegazzini, which occurs on Hydrocotyle bonariensis in South America, which is 
known to me only from the description, from which I judge that it is distinct 
from the present species. 


Besides the forms mentioned above, a Synchytrium occurs on 
Draba Lyallii, S. Watson, in the Sierra Nevada, but my material 
is too scanty to warrant a specific description. In my small 
specimen the leaf is much swollen and irregularly distorted, and 
a section shows large elliptical resting spores, .15-.18mm. by 
.08-.10mm., in elliptical host-cells which are closely aggregated 
and project slightly at the surface of the leaves. It may be that 
this is only a form of S. aureum, known to occur oun Cardamine 
pratensis, L., but all the resting spores which I have seen were 
elliptical, and not globose. With regard to the Synchytrium 
which occurs near Cambridge on Marrubium vulgare, on the 
leaves of which it produces purple spots, I have nothing to add 
to the account given in my paper in the Bussey Bulletin. 
Spherical bodies about .06-.075mm. in diameter, which are ap- 
parently the resting spores of a Synchytrium, are contained in epi- 
dermal eells which enlarge in the tissue of the leaf but do not 
protrude beyond the surface, in this respect resembling the form 
described on Malcothrix It would be rash to give a name to a 
parasite of which so little is known. 
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In the Botanica Gazettes, ii. p. 240, a Synchytrium Jonesii 
Peck was described, which grew on Zauschneria Californica and 
Vicia Americana. Through the kindness of Mr. Peck I have 
been able to examine authentic specimens of the parasite on Vicia 
and Zauschneria. Sections in both cases show that spores arise 
from the clavate tips of hyphze which extend into the leaf, and 
therefore the species must be excluded from the genus Synchy- 
trium. It seems to me that the fungus is nearly related to Tuber- 
cularia persiana Ditm., and on the leaves of Vicia it is in com- 
pany with an ‘cidium, as is stated in the original description. 


EXPLANATION OF PLATE IV.—Figs. 1-3. Synchytrium papillatum, showing 
(2) a sorus with zoosporangia, and two epidermal galls (1 and 3), one of which 
is cut open so as to show two resting spores. 500 diam. 

4-6. 9S. decipiens, showing section of a gall with a small sorus (4). 400 
diam.; 5, a zoosporangium in which zoospores are forming; 6, free zoospores. 
600 diam. 

7-8. S. mercurialis Fuckel. 7, a resting spore with a sorus containing 
zoosporangia (8) formed by the protruding epispore and its contents. After 
Woronin. 

9. S. pluriannulatum. Section through a compound gall showing three 
host-cells with numerous resting spores. 350 diam. 

10. S, Myosotidis var. Potentille. Section through epidermal gall showing 
a resting spore. 500 diam. 

11-12. S. Holwayi. Section through two galls showing a resting spore (11) 
and sorus (12) in which the wall has ruptured and fallen off in the host-cell. 


EDITORIAL NOTES 


Dr. Kart SpeGazztnt has been appointed professor and director of the 
botanic garden of Buenos Ayres. 

Mr. C. G. PRINGLE has left for a season of collecting along the line of the 
Mexican Central R. R., especially in W. Chihuahua. 

Dr. Just has resigned the editorship of the Botanischer Jahresbericht at the 
close of vol. x, and it will be continued by Drs. Koehne of Berlin, and Geyler 
of Frankfort, conjointly. 

PAsTEvR, in recent experiments, found that beans and peas did not ger- 
minate in soil freed from all bacteria, but what relation the bacteria hold to 
germination is not known. 


THE PAPER on the mite gall of the black walnut, by Miss Lillie J. Martin, 
which was read before the Amer. Association at Philadelphia, is published in 
the Amer. Naturalist for February, illustrated with three plates. We gave a 
notice of the paper at p. 155 of the preceding volume. 


= 
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THE GROUNDs of Buchner’s belief that the virulent Bacillus Anthracis is only 
a form of the harmless hay bacteria, Bacillus subtilis, has been carefully reviewed 
by Pragmowski, who finds that they are absolutely distinct species. There is 
doubtless more autonomy among the bacteria than many observers are inclined 
to admit. 

EVEN THE BACTERIA themselves are subject to disease! Inflated forms, 
called “involution forms” by Niigeli and Buchner, are to be met with in cul- 
tures, which De Bary regards as resulting from a disease or degenerate con- 
dition, due to insufficient nourishment, and it may be to other causes not well 
understood. 

THE DISEASES of the potato have been well described and illustrated by 
Mr. C. B. Plowright in recent numbers of the Gardeners’ Chronicle. The princi- 
pal ones are the epidemic or common rot (Lhytophthora infestuns), wet rot 
( Bacillus amylobacter), dry rot, scab, and mottled tubers. The cause of the last 
three diseases is not known. 

WE HAVE examined the preparations of transverse sections of coniferous 
leaves put up by Rev. J. D. King, mentioned in our last issue, and find them 
almirably done, and thoroughly satisfactory for critical study even under high 
powers. They are mounted in glycerine jelly, balsam not being suitable for 
such tissues, and th several sections are arranged and keep their places, which, 
so far as we know, has never before been successfully accomplished in this 
medium. 

In THE West-American Scientist, for February, Dr. C. C. Parry edits En- 
gelmann’s new Euphorbiaceous genus Tetracoccus, of which the lamented author 
left incomplete manuscript notes. Dr. Parry calls the species, a Lower Cali- 
fornian one, 7. dioicus. But he has worked at cross purposes with Mr. Sereno 
Watson, who, in Proc. Am. Acad. xx. 372, issued February 21, edits the same 
genus and names the species 7. Engelmanni. It becomes a nice question whether 
Dr. Parry’s or Mr. Watson’s name should stand. 

THE EsTATE o! Mr. George Bentham, according to the Illustrated London 
Neus, amounted to $115,000, of which he bequeathed $5,000 each to the Linnean 
Society of London and the Royal Society’s Scientific Relief Fund. The part of 
the estate remaining after settling the personal bequests is to be applied “ in 
preparing and publishing botanical works, or in the purchase of books or speci- 
mens for the botanical establishment at Kew, or in such other manner as his 
trustees may consider best for the promotion of botanical science.” 

Dr. JULES SCHAARSCHMIDT gives in a recent number of Nature a summary 
of his own and others’ investigations into the continuity of protoplasm in 
plants. He states that it extends from cell to cell through most kinds of tissue, 
that it often occupies the intercellular spaces where it may secrete a cell wall 
about itself and form a true cell, and that it even extends as a thin plate of 
protoplasm between the layers of the cell-wall (e.g. in leaves of mistletoe). 
This last statement is so remarkable that it needs full confirmation before it 
is entitled to acceptance. 

THE REMARKS of Professor C. E. Bessey, in his report as dean of the In- 
dustrial College of the University of Nebraska, show a broad appreciation of 
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the need of careful experiments and observations in the sciences underlying ag- 
riculture, and of the direction these should take. In the same report the fol- 
lowing are mentioned among the illustrative collections that such a college re- 
quires: a botanic garden, forage garden, grain garden, collections of dried 
grasses, (ried grain- “product ing plants, samples of grains, seeds, fruits and vege- 
tables (natural, and in wax casts), of woods and of injurious fungi. 

Proressor ©, E. BEssey, in a recent bulletin of the Iowa Agricultural 
College, speaking of the confusion in popular names for the diseases of plants, 
says: “It would be well if the teachers in botany and agriculture in our agri- 
cultural colleges, and the editors of our agricultural papers could come to some 
agreement in the use of popular names, for, until this is done, there will always 
be a great deal of confusion in the reports and communications which have to 
deal with diseases having these ambiguous names.” There can be no doubt of 
the great need of a standard nomenclature in this respect, and some means 
should be devised for securing it. 

THE NEW Journal of Mycology has been received for January si February. 
We confess to some feeling of disappointment in finding so much space occu- 
pied with matter that is not new, and which, in its original form, is quite ac- 
cessible to most workers. The original purpose of its publicat on (see vol. ix., 
p. 180) would have more nearly met our idea of the needs of American my- 
cology ; The January 
number contains descriptions of new fungi from Iowa and Kansas. The Feb- 
ruary number has an article by Professor Trelease on Hetereecismal Uredinew, 
and the beginning of an enumeration of the North American Cercosporw by 
Messrs. Ellis and Everhart. 


still age and experience may remedy the present defects. 


Tue Socrere has been founded for the encouragement and 
extension of a knowledge of esculent fungi, particularly 


as to their Natural 
History, hygienic relations and economic uses. It 


is eminently fitting that 
such a movement should be instituted by Frenchmen, than whom none have so 
great a reputation for appreciation of good cuisine. The society is not, how- 
ever, intended to be local, but desires representatives in all countries. The an- 
nual dues are 10 fr. (32.00) for full members, and 5 fr. (31.00) for correspond- 
ing members; the latter receive the reports of the sessions, and the former all 
publications of the society. Address the secretary, Dr. A. Mougeot, Bruyéres, 


Vosges, France, or the editors of this journal, who will gladly give any further 
information. 


In A PAPER communicated to the American Academy of Arts and Sciences, 

Dr. W. G. Farlow gives the results obtained in sowing the spores of several 
species of Gymnosporangium on various Pomacer. They were not quite satisfac- 
tory, but far more so than those detailed in a former paper on Gymnosporangia 
1880), being due to better methods. The matter of cultures with Uredinee is 
a very simple one, but requires considerable experience to insure success. His 
conclusions are that the wcidium of G. biseptatum is probably Restelia botry- 
upites, and that of G. ¢ oes is possibly R. aurantiaca, while that of our most 
common cedar-apple, G. macropus, remains quite undec ided. In the same paper 


are notes on several interesting forms of Chrysomyra, and the uredo of C. Ledi 
is distinguished from the very similar Uvedo ledicola Peck. 
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CURRENT LITERATURE. 


Gray’s Botanical Text-Book, Vol. II., Physiological Botany ; i., Outlines of the His- 
tology of Phwenogamous Plants. By George Lincoln Goodale. Ivison, Blake- 
man, Taylor & Co., New York and Chicago, 1885. 

In 1879 the first volume of this work appeared, and even at that time the 
claims of histology and physiology were so pressing that a second volume was 
set apart for their consideration, only as applied to phanerogams. The first 
part of this volume is before us now, but in the meantime some other text- 
books have appeared to meet this demand. An English translation of Sachs 
had already appeared, in 1880 both Bessey’s Botany and Vines’ edition of 
Prantl’s Botany were published, and now we have the magnificent work of De 
Bary issued from the Clarendon Press, all these supplemented by icreign books. 
Into this goodly array we are exceedingly glad to welcome Dr. Goodale, for 
whose work many of us have been anxiously waiting. The second part is 
promised in the course of the year, and it is to be sincerely hoped that six more 
years will not elapse before Dr. Farlow’s volume appears. 

A first glance through the volume is decidedly refreshing, for we had_be- 
come so accustomed to Sachs’ figures staring at us from almost every page, that 
the new figures are very attractive. They have been well selected, in many 
cases from memoirs so inaccessible that they have all the flavor of originality, 
and pains seems to have been taken to avoid any “stock” figures. 

In figures and text many structures have been presented more satisfactorily 
than ever before in an English book, and the summing up of contesting views, 
with the copious references to the literature of various subjects, make this part 
almost encyclopedaic. The small space devoted to so great a subject will at 
first impress the special student unhappily, but conciseness has been the aim, 
and very much has been packed into these 170 pages, probably fully as much 
as would be proper when we consider the object of the text-book. 

Dr. Goodale’s classification of tissues is simple enough, which is certainly 
a thing to be much desired. It is surely a most perplexing thing to try to clas- 
sify things which are not distinct and constantly intergrade. Whether Haber- 
landt’s classification’ upon a physiological basis, given by our author in his 
closing chapter, is going to stand, remains to be seen. 

In the book before us four primary divisions are made, viz., parenchymn, 
prosenchyma, sieve-cells, and latex-cells. Of course the first two are taken in 
the most liberal sense, parenchyma including cells of the fundamental system 
under the three subdivisions of parenchyma cells proper (including collenchy- 
ma and sclerenchyma modification), epidermal cells, and cork-cells. Prosen- 
chyma includes the cells of the fibro-vascular system, under the subdivision of 
prosenchyma proper (including wood fibres and tracheids), ducts, and bast- 
cells. 

Whether botanists will consider prosenchyma as just the most suitable 
word in this connection is uncertain. It is certain that the classification has 
the merit of simplicity. 

An introduction of 24 pages deals with histological appliances, treating in 
a very practical way such subjects as microscopes, dissecting instruments, me- 
dia and reagents, staining fluids, ete. Chapter I presents the vegetable cell in 
general, its structure, composition, and principal contents. Chapter II is en 
titled Cells in their molifications and kinds, and the tissues they compose. 
Chapter III treats of the minute structure and development of root, stem, and 
leaf. Chapter LV contains the minute structure and dev- lopment of the flower, 
fruit, and seed. Chapter V (the last) deals with the physiological classifica- 
tion of tissues, under the headings of division of labor in the plant, and me- 
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chanics of tissues, which furnishes an easy transition to Part IT, to be devoted 
to physiology. Those of us who have known Dr. Goodale as a teacher are fa- 
miliar with his rare power of “putting things”, a feature which is well carried 
out in the volume before us, but apparently somewhat repressed by the mass of 
details and the necessity of following a pattern already set. We look for the 
second part with great interest, for the first is simply introductory, and in the 
department of physiology Dr. Goodale tinds his strength, and the science of 
botany some of its most interesting and difficult probiems. 


Bulletin of the lowa Agricultural College, issued by the Department of Botany. 
Charles E. Bessey, Professor. November, 1884. 

The Iowa Agricultural College is doing a commendable work in publish- 
ing a series of bulletins from the different departments of the College, for the 
cultivation of popular interest in the sciences related to agriculture. The 
third of the series, edited by Professor Bessey, is just printed, and forms a fitting 
monument to his work in the State he has r cently left. 

Two phienogams (Crotalaria sayittalis and Stipa spartea) are described and 
figured as of economic interest; the former aflecting horses much as certain 
other leguminous weeds (* loco”) do in the farther west; while the fruit of the 
latter is said to burrow into the flesh of sheep and other animals, as that of 
other grasses has been shown in nature to do elsewhere. An interesting pecu- 
liarity of this and other self-planting fruits ( Krodium, ete.), which the writer 
has several times observed, does not seem to have been noticed, viz., a joint at 
the insertion of the awn, which softens in the damp soil, so that the awn is 
easily broken off by any force which might tend to withdraw the fruit. Ti/letiv 
tritici, Ustilago segetum, U, Zew-mays, and Claviceps purpurea, are illustrated and 
described as examples of noxious cryptogams. 

The second part of the bulletin is ocenpied with two lists of eryptogams: 
the first, by Prof. Bessey, covering the vicinity of Ames; the second, by Mr. 
Arthur, including the Uredinexw and Ustilaginew of the State. The character 
of the local flora may be gathered from the following summary based on the 
first list: Myxomycetes 18, Saccharomycetes 3, Bacteria 16, Cyanophycev 16, 
Chlorophyllophycee 5, Zoosporee 8, Desmids 4, Diatoms 7 (genera), Zygne- 
7, Mucorine 3, Oophycex 8, Saprolegniew 2, Chytridinee 3, Entomoph- 
thorew 2, Peronosporee 16, Perisporiacee 17, Pyrenomycetes 13, other As- 
comycetes 15, Lichenes 24, Uredirew 51, Ustilagineze 16, Gasteromycetes 17, 
Hymenomycetes 65, Liverworts 6, Mosses 33. 

While the list shows a great deal of industry on the part of the collector, 
the absence of critical notes, and the use of only the popular names of the hosts 
of parasitic species, must somewhat lesson its usefulness. A curious feature o1 
the flora of the State is the entire absence of Sphagnum mosses, so far as is now 
known. 

A most valuable part of the bulletin, for collectors and students, is the 
preliminary list of Uredinez and Ustilagines, which comprises 135 species of 
the former (of which a dozen xcidia might have been connected with telento- 
sporic forms), and 25 of the latter. It may be of interest to note that the same 
groups are represented, so far as is now known, by 100 and 21 species respec 
tively in Wisconsin, and 46 and 6 in Kansas. The list of host-plants and 
localities adds much to the value of the list, and “every locality cited is rep- 
resented by a specimen which may be the subject of further study at any time.” 
Eight of the Uredinex and two smuts are described as new, though it is doubt- 
ful if Uromyces rudbeckin A, & Holw. is really distinet from U. solidaginis 
Niessl., to which it has previously been referred. 

Some fault might be found with the press-work and the large number of 
errors which have escaped correction in the bulletin; but every one who has 
dealt with the public printer must feel disposed to pass them by with a good 
deal of sympathy for the author, however annoying they may be.—T. 
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Contributions to the Botany of North America, XII By Asa Gray. From Prov. 
Am. Acad. xx. 257-310. Issued January 26, 1885. 


The most important contribution is that which gives a revision of certain 
genera of Borraginacew. The large genus Fritrichium has suddenly collapsed, 
and its species have been scattered among three others, two of which had for 
some time appeared among its sections, and to the third Lritrichium itself has 
now been subordinated as a section. It has all come from puiting too much 
confidence in “ the degree of obliquity of the nutlets, of their extension above 
the gynobase, and of the extent of their attachment to it.” From a tangled 
maze of characters ill-understood and misunderstood Dr. Gray has eliminated 
these results : 

Omphalodes, Tourn., has nutlets attached above the base or ventrally, and 
with depressed back surrounded by a wing or margin which is revolute at ma- 
turity. To this Fritrichium is made a subgenus, including but two species, 0. 
nana With vars. nana, Sehrad.) and O, Howardi (Cynoglossum Howardi, Gr.) 

Krynitzkia, Fisch. & Meyer, has nutlets attached by the inner side of the 
base, or from this upward to the apex, on separation leaving a clean naked scar ; 
and the nutlets are naked and convex on the back. This includes the greater 
number of species formerly marshalled under Evitrichinm, such as belonged to 
the old sections Avynitzkia, Eueritrichium Myosctidea, and Antiphytum. The 
number of necessary changes in nomenclature are too many to be enumerated 
here. It is sufficient to say that about all the old specific names have been 
retained, except that the most of FE. eioearpum, Watson, becomes K. Torreyana, 
and the rest of it is AY letuearpa, F.& M., ajinis, n. sp., Watsoni, n. sp., 
Fendleri, n. sp., which does very well for one species. To the genus are added 
eight new species, there being 46 in all: 

Plagiobothrys, Fisch. & Meyer, has the nutlets attached by «a small portion 
of the ventral face, by means of a sort of caruncle which comes off with the 
seed, leaving an excavation on the gynobase. This includes the species which 
appeared under Fritrichium 7 Plagiobothrys, and all of Evhidioearya except its 
original species, /2.Arizonica. The typical species, P. rufescens, has at last turned 
up in North America, having been found in California. The genus numbers 
i4 species. 

In the second part are given notes on some American species of Utricularia, 
suggested by an examination of the colored drawings made by Major John Le 
Conte to illustrate his memoir upon this genus. The drawings are now in the 
possession of Mr. I. C. Martindele. 

In the third part are described six new genera, all from that prolific south- 
west ofours. Two of them,we are glad tosee, commemorate our very good friends 
Dr. Rothrock and Mr. Pringle. The genera are Veatchia (Anacardiace), from 
Lower California, discovered by Dr. J. A. Veatch; Lyonothamnus (Rosacew? ), 
from Sta. Catalina Island, California, discovered by Wm. 8. Lyon; Pringleophy- 
tum (Acanthace), from Sonora, Mexico, discovered by C. G. Pringle; Phaulo- 
‘hamnus (Phytolaceaceze), from Sonora, Mexico, discovered by C. G. Pringle, a 
very interesting addition to a small order; Himantostemma (Asclepiadacee), 
from Sonora, Mexico, discovered by C. G. Pringle; and Rothrockia (Asclepia- 
dace), from S. Arizona, collected by Lemmon and Pringle. 

Part four is mostly devoted to the description of new Gamopetal, chief 
among which must be mentioned a new species of Schweinitzia, from Florida, 
discovered by Miss Mary C. Reynolds, and bearing her name. Such an addi- 
tion to a genus which was thought to be monotypic,and very peculiar at that, is 


« notable discovery. The other (S. odorata) ranges from Maryland-to North 
Carolina. 
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